In this essay we shall emphasize postovulatory events, specifically fertilization, ovum pick¬ up, and ovum and embryo transport. We will discuss the pertinent physiological phenomena, and then we shall attempt to correlate tubai anatomy and physiology with clinical considerations.
philosophically by our inability to formulate the critical questions, and pragmatically by the lack of technology with which to accurately measure many biological phenomena. After more than a half century of clinical interest in female infertility, we are unable to assess accurately a single physiological function of the Fallopian tube. Our clinical armamentarium is limited to appraisals of the patency of the tube to gas or liquid, and to examination of the external appearance and texture of the tube. Even if all ethical constraints were removed, it would still be necessary to identify the important questions, design the critical experiments, and to develop the required technology.
In this essay we shall emphasize postovulatory events, specifically fertilization, ovum pick¬ up, and ovum and embryo transport. We will discuss the pertinent physiological phenomena, and then we shall attempt to correlate tubai anatomy and physiology with clinical considerations.
Physiological functions Fertilization
Spermatozoa await the arrival of the ovum in the oviduct for a period which in most species is less than half their potential fertile life. The fertile life of spermatozoa within the female genital tract is shorter than the motile life and varies from 12 h in the mouse (McGaughey, Marston & Chang, 1968) , through 30 h in the rabbit (Noyes & Thibault, 1962) , to 100 h or more in the bitch (Doak, Hall & Dale, 1967) , mare (Burkhardt, 1949) and ferret (Chang, 1965) . The fertile life of spermatozoa in women has not been accurately determined but was previously estimated at 28-48 h (Cohen & Stein, 1951; Tietze, 1960; Bedford, 1970) . More recent work suggests that this in an underestimate. Ferin, Thomas & Johansson (1973) estimated that pregnancy resulted from a coital exposure that took place 120 h before presumed ovulation, as judged by the LH peak. Although the estimated time of ovulation might have been in error, it is likely that at least 72 h elapsed between insemination and ovulation. Ahlgren (1975) observed motile spermatozoa in the tubai ampulla 85 h after coitus. However, there is no evidence that these spermatozoa retained their ability to fertilize. Definitive information concerning the fertilizing life-span of human spermatozoa is needed both for couples wishing to rely on timed abstinence for contraception, and to improve pregnancy rates in some types of infertility problem.
Ovum pick-up An early theory suggested that ova were drawn into the tube by a negative pressure caused by tubai peristalsis. Maia & Coutinho (1970) Integrated contractions of the oviduct, its accessory membranes, the fimbria, and the ovary at ovulation have been described for the rabbit, monkey and man (Westman, 1926 (Westman, , 1937 (Westman, , 1952 Blandau, 1969 (First, 1954) , and ova have been recovered from the oviduct contralateral to the ovary bearing the corpus luteum in women with normal oviducts and ovaries (Doyle, Lippes, Winters & Margolis, 1966) , suggesting that pick-up from the cul-de-sac can occur.
Ovum and embryo transport After being conducted into the oviduct the ovum is transported first to the site of fertilization and then to the uterus. With few exceptions the overall time course of ovum transport is remarkably similar in all mammalian species examined: 3-4 days are required for ova to travel form the ovary to the uterus. However, major differences exist in the details of entrance into and transit through various portions of the oviduct. These differences probably reflect anatomical and endocrinological differences between species.
The detailed time course of ovum transport has been examined in two species of primates in which ovulation was accurately timed, the rhesus monkey, Macaca mulatta (Eddy, Garcia, Kraemer & Pauerstein, 1975) , and the baboon, Papio anubis (Eddy, Turner, Kraemer & Pauerstein, 1976) . It was concluded that transport in the rhesus monkey required approximately 3 days during most of which ova resided in the ampulla, and then passed through the isthmus into the uterus. At about the same time Croxatto and his colleagues in Santiago, Chile utilized various criteria, including oestrogen and LH determinations, to approximate the time of ovulation in women. They then recovered ova from the oviducts and uteri of women operated upon at known intervals after ovulation. They found that transport of ova in women is characterized by retention in the ampulla for approximately 72 h, followed by rapid transit through the isthmus. Ova are delivered to the endometrial cavity approximately 80 h after release from the follicles (Croxatto & Ortiz, 1975; Cheviakoff et al, 1976; Croxatto et al, 1978) . Thus, the detailed time course of ovum transport in women and rhesus monkeys is virtually identical. Both differ dramatically from the rabbit.
An interesting additional observation has been the prolonged retention of granulosa cells around non-fertilized tubai ova in man and non-human primates. Such (Blandau, Boling, Halbert & Verdugo, 1975 (Winston & McClure-Browne, 1974) or in the ewe (Cohen et al., 1976) It has been convincingly shown that the cilia are involved in ovum pick-up and in the transport of ova into the abdominal ostium of the rabbit oviduct and to the ampullary-isthmic junction. Inhibition of muscular activity in the rabbit oviduct banishes the to-and-fro move¬ ments of cumulus masses in the ampulla, but does not alter the net velocity with which they are transported to the ampullary-isthmic junction (Halbert, Tarn, Adams & Blandau, 1976) . The role of the cilia in gamete transport in the rabbit has been elucidated by utilizing surgical modifi¬ cation of the oviduct. The earliest pertinent work was published 50 years ago (Kuo & Lim, 1928 opposite to that of the cilia in the unaltered remaining portion of the ampulla. Ova in cumulus placed on the fimbrial surface at laparotomy are transported in normal fashion until the reversed segment of tube is encountered. Further transport is arrested at the interface between the cilia beating toward the uterus and those in the reversed segment beating toward the ovary. Displace¬ ment of such ova into the reversed segment is followed by transport in the ovarian direction until the interface is again encountered, at which time further forward movement is arrested. In contrast, in control oviducts in which 1-cm segments were transected but not reversed, ovum transport was normal and fertility was unaltered (Eddy, Flores, Archer & Pauerstein, 1978b) . These observations suggest a crucial role for cilia in transport of ova through the rabbit ampulla, but not the isthmus.
The role of the cilia in human gamete transport and fertility is much more difficult to appraise. Brosens & Vasquez (1976) congenital syndrome suffer with bronchitis, rhinitis and sinusitis from childhood. About half of these patients also have situs inversus totalis (Kartagener's syndrome). In this syndrome the cilia are immotile because of a nearly complete absence of dynein arms. In addition, the distribution of cilia on the respiratory mucosa is random rather than orderly. Yet a recent report demon¬ strated normal fertility in 2 of 3 women with this syndrome who attempted to become pregnant. There was no history of ectopie pregnancy or of abortion (Afzelius, Camner & Mossberg, 1978) . Although the oviductal cilia were not examined in these women, one would suppose that the cilia throughout the body are affected. This supposition is strengthened by a recent report of normal fertility in 4 of 5 women with Kartagener's syndrome. In 1 of these women an endocervical biopsy revealed an absence of dynein arms in the endocervical cilia (Bleau, Richer & Bousquest, 1978) . Thus it seems likely that motile cilia are not necessary to human female fertility. The final proof must await biopsy of the tubai mucosa in such a patient.
The possibility that certain regions or segments of the oviduct are critical to normal ovum transport is basic to an understanding of the control system. This question has been approached by examining the effect of resection of a given region on fertility.
Role of the utero-tubal junction. David, Brackett & Garcia (1969) tested the concept that the utero-tubal junction was responsible for retention of ova in the rabbit oviduct by resecting 0-24-0-5 cm of the uterus and 1-0-1-5 cm of the isthmus. Although the authors concluded that the utero-tubal junction was necessary to normal fertility, they did not include controls for the effects of transection and re-anastomosis on fertility. Work in our own laboratories demonstrated that the utero-tubal junction is not critical to reproduction in the rabbit.
Successful pregnancies obtained in about half of a group of patients treated with bilateral utero-tubal implantation suggests that the utero-tubal junction is not essential to human reproduction. In these patients, the Fallopian tubes were implanted in the uterine cavity via transverse incisions in the myometrium on the posterior aspect of the uterus, at the level of the ovarian ligaments. Thus the utero-tubal junction was excluded from the reconstructive procedure (Peterson, Musich & Behrman, 1977 (Eddy et al, 1978b Role of the fimbria. Tuboplastic surgery designed to restore a functional abdominal tubai ostium, whether performed on pathologically damaged oviducts or following sterilization by fimbriectomy, remains the least successful reconstructive procedure. Undoubtedly this is a reflection of the highly specialized nature of the fimbria and their role in the ovum pick-up mechanism.
Conclusions
In concluding this review of current knowledge, we would like to summarize our areas of ignorance concerning human tubai physiology. With regard to the male, we need more information about the mechanism of sperm transport, the need for capacitation, and the fertilizing life-span of spermatozoa. With regard to the ovum and embryo, we know little about the mechanisms of ovum transport, the importance of synchrony between the ovary and the embryo's arrival in the uterus, and the propensity of our species to develop tubai pregnancy.
With respect to the oviductal factor, we know very little about the critical length of residual oviduct required for function or which, if any, regions are critical to function.
We hope that this review has proved informative, and that some readers will be inspired to search for some of the missing information.
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